Abstract : A pot experiment was conducted to investigate the effect of different phosphate solubilizing bacteria (PSB) with various levels of inorganic phosphorus (P) on the growth and yield of wheat with three soil at the Microbiology laboratory, Soil Science Division, Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh. Four levels of P fertilizer (P 0 : Without P, P 24 : 24 mg P kg -1 soil, P 36 : 36 mg P kg -1 soil and P 48 : 48 mg P kg -1 soil) were assigned as main factors and six PSB inoculants with an uninoculant (I 0, MR1, IL1, IW1, IC2, RC1and MW1) were assigned as sub factors in a factorial CRD. The soil used for the experiment belong to three Agroecological Zones (AEZs) such as AEZ 9 from the BAU farm, Mymensingh, AEZ 28 from the BADC farm, Madhupur, Tangail and AEZ 11 from the BINA substation farm, Ishurdi, Pabna. Eight kilogram soils were taken in each of the plastic pot. PSB were applied as broth inoculants with the wheat seeds (var. Shatabdi) before sowing. Irrespective of the PSB inoculants, 36 mg P kg -1 soil gave the highest grain and straw yield of wheat pot -1 with Mymensingh and Mdhupur soil while 48 mg P kg -1 soil showed the highest wheat yield pot -1 with Ishurdi soil. Among the PSB inoculants, MR1 showed the maximum grain and straw yields of wheat pot -1 followed by MW1. The PSB inoculant MR1 with 36 mg P kg -1 soil had better performance in terms of total P uptake and grain and straw yields of wheat.
Introduction
Phosphorus is one of the limiting elements for crop production. It is essential for energy transfer, photosynthesis and other biochemical and genetic activities of plant (Armstrong 1988; Theodorou and Plaxton, 1993) . Generally plants take up P as the primary (H 2 PO 4 -) and secondary orthophosphate (HPO 4 = ) ions. They are easily retained in most soils when added, and in many cases this retention is so high that the element becomes largely unavailable to the plants. Crop yield on 40% of the world's arable land is limited by P availability (Rodriguez and Fraga, 1999) . So the availability of soil P in many countries of the world including Bangladesh is insufficient for higher crop productivity under intensive cultivation due to fixation of P with various soil complexes (Dattam et al. 2002) . Therefore, the crop shows low use efficiency (10-25%) of phosphate fertilizers. On the other hand continuous application of these fertilizers increased the total P in the soil over time, caused in large reserves of fixed P (Ali and Wakatsuki, 2008) which is unavailable to the plants. These forms of P are important aspects for P mineralization/mobilization through microbial mediated process to make available for the crop plants (Chen et al. 2005; Jeon et al., 2003) . The transformation of mineral or organic P into soluble inorganic P is brought about by microbial action. Phosphate solubilizing bacteria (PSB) have potentiality to solubilize the unavailable P in rhizosphere soil and make it available to the crops (Afzal and Asghari, 2008; Hariprsad and Niranjana, 2009) . Sundara et al. (2002) found that the application of PSB, Bacillus megaterium var. phosphaticum, increased the P availability in the soil. When used in conjunction with P fertilizers, PSB reduced the required P dosage by 25%. Wheat is an important food grain of Bangladesh. Huge amount of P fertilizers are required every year to boost up production of this crop. It is needed to pay more attention to increase the production of wheat per unit area to feed the ever rising population and also ensure food security. Proper soil management through integrated use of efficient phosphatic biofertilizers along with inorganic sources of P fertilizers may increase the production of wheat crop in the country. Integrated use of chemical fertilizers and phosphatic biofertilizer may be a good option to increase the use efficiency of chemical P fertilizer by wheat crops. But information is scanty on use of efficient PSB strain as phosphatic biofertilizer for wheat cultivation in Bangladesh. Therefore, the present study was undertaken with the objective to evaluate the effects of different PSB inoculants on wheat in pot culture with diverse soils.
Materials and methods
The soils used for the pot experiment belongs to three Agroecological Zones (AEZs) namely: Old Brahmaputra Floodplain (AEZ 9) from the Bangladesh Agricultural University Farm (BAU farm), Mymensingh, Madhupur Tract (AEZ 28) from the Bangladesh Agriculture Development Corporation Seed Multiplication Farm (BADC farm), Madhupur, Tangail and High Ganges River Floodplain Soil (AEZ 11) from the BINA substation farm, Ishurdi, Pabna. The soils were collected at a depth of 0-15 cm from each site by means of spade. Eight kilogram processed soils were taken in each of the plastic pot (23 cm × 21 m). The experiment was conducted in a factorial CRD. Four levels of P fertilizer (P 0 : Without P, P 24 : 24 mg P kg -1 soil, P 36 : 36 mg P kg -1 soil and P 48 : 48 mg P kg -1 soil) were assigned as main factors and six PSB inoculants with an uninoculant control (I 0 : Uninoculated control, I 1 : PSB inoculants MR1, I 2 : PSB inoculant IL1, I 3 : PSB inoculant IW1, I 4 : PSB inoculant IC2, I 5 : PSB inoculant RC1 and I 6 : PSB inoculant MW1) were assigned as sub factor treatments for each soil. Each treatment was replicated thrice. P fertilizer was applied as per treatment plan from triple super phosphate (TSP). Potassium was applied @160 mg K kg -1 soil from muriate of potash (MoP) as basal in each pot. Nitrogen fertilizer @ 240 mg N kg -1 soil was applied as urea in three equal splits in all the pots. Wheat seeds (var. Shatabdi) were soaked (except uninoculated control pots) separately with the culture broth of each PSB inoculant containing 10 12 cells mL -1 broth for 30 min before sowing. Inoculated and uninoculated wheat seeds were sown separately into the pots. After germination of wheat seeds, only five plants were kept for normal growth in each pot. The wheat plants were harvested when attained at full maturity and yields were recorded in g pot -1
. The initial soils were analyzed (Table 1) for texture, organic carbon content, cation exchange capacity, total nitrogen, available phosphorus, total phosphorus, exchangeable potassium following standard methods (Black, 1965; Jackson,1967; Page et al., 1982; Olsen et al., 1954; Bray and Kurtz, 1945; Murphy and Riley, 1962) . Grain and straw samples were digested following standard method and phosphorus content in the digested samples was determined colorimetrically by vanado-molybdo yellow colour method (Yoshida, 1976) . After determination of P content in grain and straw samples of wheat, P uptakes were calculated using the value of P contents (Jackson, 1967) . Analysis of variance was performed in factorial CRD followed by F-test to examine whether the treatment effects were significant (Gomez and Gomez, 1984) using MSTATC computer pakage program. 
Results and Discussion
Effects on grain and straw yields of wheat PSB inoculants with various levels of P fertilizer significantly influenced the grain and straw yields of wheat in pot culture with Mymensingh, Madhupur and Ishurdi soils (Table 2 and Fig. 1) . Irrespective of the PSB inoculants, 36 mg P kg -1 soil gave maximum grain yields (10.6 g and 8.4 g pot -1 ) of wheat with Mymensingh and Madhupur soils, respectively while 48 mg P kg -1 soil showed maximum grain yield (26.0g pot -1 ) with Ishurdi soil. But 36 mg P kg -1 soil and 48 mg P kg -1 soil produced statistically identical grain yields with all soils. Similar results were observed in case of straw yields with all the soils. Irrespective of the P levels, the highest grain yields (9.6, 7.5 and 23.5 g pot -1 ) were recorded with the PSB inoculant MR1 with Mymensingh, Madhupur and Ishurdi soils, respectively followed by the inoculant MW1 with Mymensingh (9.3 g pot -1 ) and Madhupur (6.9 g pot -1 ) soils. PSB inoculants RC1showed the highest yield with Ishurdi soil (22.4 g pot -1 ). But the inoculants MR1 and MW1 produced statistically identical grain yields of wheat pot -1 with Mymensingh and Madhupur soils while the inoculants MR1 produced significantly different grain yield from the inoculants RC1 and MW1 with Ishurdi soil. Minimum grain yields were recorded in uninoculant (I 0 ) with all soils which ranged from 5.0-18.7 g pot -1 . Similar trends were also observed in case of straw yields of wheat as regard to the PSB inoculants (Table  2) . Inoculation by PSB with inorganic P increased the grain and straw yields of wheat and other crops were reported by many workers (Chaykovskaya et al., 2001; Tomar et al., 1996) . These findings were almost similar to those of Afzal et al. (2005) who found that phosphate solubilizing microorganisms (PSM) alone or along with other combinations showed profound effect on grain and biological yield of wheat. In the present study grain and straw yields of wheat were also significantly influenced with the interaction between P levels and PSB inoculants with all soils (Fig.1) . Maximum grain yields (12.9 and 9.5 g pot -1 ) were recorded by the treatment P 36 ×MR1 with Mymensingh and Madhupur soils, respectively followed by the treatment P 36 ×MW1. With Ishurdi soil, the treatment P 48 ×MR1 produced the maximum grain yield (28.4 g pot -1 ). This was followed by the treatment P 48 ×IL1 (27.7 g pot -1 ) but they gave statistically identical grain yield of wheat with Ishurdi soil. The lowest grain yields of wheat were recorded with the control treatment P 0 I 0 (2.4-9.5 g pot -1 ) with all soils. Similar results were also observed in case of straw yields of wheat (Fig. 2) . Saad and Hammad (1998) reported that the greatest grain yield of wheat was found with inoculation of bacteria and application of calcium superphosphate. These results were also in conformity with the findings of Dwivedi et al. (2004) who reported that pre sowing inoculation of wheat seeds with phosphate solubilizing microorganisms led to a yield increase over noninoculated treatments. Effects on P uptake by wheat Total P uptake by wheat was significantly influenced by the different treatments with three soils (Table 3 and Fig. 2) . Irrespective of the PSB inoculants, 36 mg P kg -1 soil gave maximum total P uptake of wheat and this was followed by the treatment 48 mg P kg -1 soil with all soils. Without P gave the lowest P uptake of wheat with all soils. Irrespective of P levels, the PSB inoculant MR1 showed significantly higher total P uptakes of wheat (48.3, 40.7 and 125.2 mg P pot -1 with Mymensingh, Madhupur and Ishurdi soils, respectively) followed by the inoculant MW1 with all soils (Table 3) . Uninoclant (I 0 ) showed the lowest P uptakes with all soils. Interactions between P levels and PSB inoculants also significantly influenced the total P uptakes of wheat with three soils (Fig. 2) . Maximum total P uptakes (68.5, 52.8 and 156.2 mg P pot -1 ) of wheat were observed by the treatment P 36 ×MR1 with Mymensingh, Madhupur and Ishurdi soils, respectively. The second highest total P uptakes were found by the treatment P 48 ×MR1 with Mymensingh (60.1 mg P pot -1 ), Madhupur (47.3 mg P pot -1 ) and Ishurdi (152 mg P pot -1 ) soils. The results indicated that application of PSB inoculants with inorganic P showed greater P uptake of wheat with three soils in pot culture. Evidences have been found on the favourable effect of PSB in providing plant nutrient to cereals and supplementing the expensive inorganic fertilizers. The microbial inoculants in combination with inorganic fertilizer have augmented the yields and nutrients uptake by several crops (Linu et al., 2009; Kaprekar, 2003; Yadav et al., 2011) . Gera et al. (2005) reported that inoculation of PSB transconjugants as well as parent increased the plant biomass production and P uptake in pot culture. P uptake improved by pearl millet with soil amendments with rock phosphate and seed inoculation with PSB (Kundu et al. 2006) . PSB inoculated treatment showed higher P uptake by wheat with all soils in the present study and these are well accordance with those findings. 
Conclusions
From the results it can be concluded that among the PSB inoculants either MR1 or MW1 with reduced rate of P fertilizer showed better performance in wheat yield than P fertilizer alone. These two promising PSB inoculants can be used as potential phosphatic biofertilizer to save the inorganic P fertilizer for wheat cultivation in Bangladesh.
